The Fate of Diazinon Applied to Thatched Turf!
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ABSTRACT
Diazinon (O,0-diethyl·0-(2-isopropyl"6.methyl-4-primidinyl)
phosphorothioate) is widely used to control turfarass insect pests.
Poor control of soil-inhabiting insects has been found where diazinon
has been applied to thatched turfgrass stands. The purpose of this
study was to evaluate the environmental fate of diazlnon applied to
turfgrass stands. A microecosystem was used to follow the fate of
radiolabeled diazinon surface applied to Kentucky bluegrass (Poa
pratensis L.) turfs, with or without a thatch layer, growing on Flan
igan silt loam (fine, montmorillonjtic, mesic Aquic Argiudoll) irri
gated daily or every 4 days. Loss of diazinon by volatilization, leach
ing, and degradation accompanied by release of 14C02 or incorporation
of label into soil compounds was measured. The most degradation
of parent compound occurred on turf containing a thatch layer ir
rigated daily where only 7% of the applied dlazinon remained after
3 weeks. Between 32 and 47% of the parent compound remained in
either turf with thatch irrigated every 4 days or turfs without thatch.
The majority of the dlazinon (96%) remained in the top 10 mID of
the turf profile regardless of whether this was thatch or soil. In the
presence of thatch, there was an accelerated rate of dlazlnon deg
radation as measured by release of I4C0 2 from the two position on
the pyrmidine ring. Increasing irrigation frequency on the thatched
turf did not cause an increase in leaching but did increase diazinon
breakdown. The results of the study suggest that where thatch is
present, reduced control of insects is due both to a failure of the
insecticide to move through the thatch and an increased rate of deg
radation.
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plant-thatch-soil continuum has a major effect
on the rate of dissipation of pesticides applied to
T
turfgrass stands. Thatch is defined as a tightly inter
HE

mingled layer of dead and living stems and roots that
develops between the zone ofgreen vegetation and the
soil surface (1). In order to maximize the efficacy of
pesticides aimed at controlling soil-borne insects, it is
important to understand how soil properties and the
presence ofthatch affect the rate and avenues by which
pesticide dissipation occurs. Diazinon [O-O-diethyl-O
(2-isopropyl-6-methyl-4-pyrimidinyl) phosphoro
thioate] is a major insecticide used to control the lar
vae of several turfgrass insect pests (Cyclocephaca spp.
and Papilla japanica). Irrigation after application of
this insecticide is recommended. The presence ofthatch
has been shown to affect behavior ofpesticides applied
to turfgrass stands and specifically has been implicated
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in changing the efficacy of diazinon in field studies
(11).

The half-life of diazinon in soil has been reported
by a number of authors (3,5,6,9,10) to be between 7
and 56 days. The effect of a thatch layer on the half
life of diazinon has not been determined. Niemczyk
et at. (12) showed that diazinon was intermediate in
binding strength among the organophosphorus insec
ticides commonly used in turf. Konrad et al. (8) found
that diazinon was rapidly adsorbed from solution by
soil particles with degradation occurring in the ad
sorbed state and that the rate ofdegradation was closely
correlated to th~ extent of initial adsorption.
The purpose of this research was to determine how
thatch affects the degradation rate and avenues of loss
of diazinon from a turfgrass sward by applying ra
diolabeled diazinon to turfs with and without a thatch
layer and monitoring pesticide leaching, volatilization,
and metabolism. The treated turfs were irrigated with
two different application frequencies to determine the
influence of this parameter on pesticide fate. Microe
cosystems (2) were used to study the movement and
transformation of the labeled pesticide.
MATERIALS AND METHODS
The microecosystem used in this research is described in
detail by Branham et al. (2). Briefly, the system consisted of
a brass base that held an intact sample of turf, 30.5 X 30.5
X 5 cm, L X W X H. The base was covered by a glass
atmospheric chamber. In the bottom of the base was a po
rous ceramic plate which was connected to a vacuum pump
that applied a tension ofup to 50 kPa to the plate to simulate
leaching. The air stream passing through the atmospheric
chamber was directed through trapping systems to remove
volatilized and metabolized diazinon and 14C02 from the
degradation of diazinon.
In this research, eight microecosystems were housed in a
growth chamber set to provide a temperature inside the mi
croecosystems of 21°C for 12 h with a light irradiance of
0.204 W m- 2 and a night temperature of 16°C. Irrigation
was applied with overhead nozzles at a rate of 0.5 cm over
a 15 min application period and the vacuum pump con
~ected to the base of the microecosystems was set for a suc
t~on of 40 kPa. The four treatments (2 X 2 factorial) con
slsted of turf without a thatch layer irrigated daily or every
4 ~ays and turf with an existing 25 mm thatch layer irrigated
daily or every 4 days. All treatments were replicated twice
and consisted of field-grown Kentucky bluegrass (Poa pra
tensis L.)·with or without a thatch layer growing on a Flan
agan silt loam (fine, montmorrilonitic, mesic Aquic Argiu
doll) with a pH of 5.7,2.8% organic matter, and CEC of 14.8
cmol (p+) Kg:-l. The turfs were allowed to equilibrate in
the mlcroecosystems for 3 days prior to the application of
the radiolabeled pesticide.
Diazinon .was applied as a 2% granule formulated on a
40/60 mesh corn cob carrier. The rate of application was
4:89 Kg active ingredient per hectare with enough 14C dia
ZlD0l!-, labeled in the two position of the pyrimidine ring to
provl~e p.15 mBq per .treatment. The specific activity of the
14C-dlazmon formulatlOn was 68.45 kBq g-I. Irrigation was
applied immediately after diazinon application.

Diazinon Analysis
Five randomly chosen 1.9 cm diam cores were collected
from the turf profile in each microecosystem at 0, 7, 14 and
21 days after diazinon application. The cores were secti~ned

°

into the to 10, 11 to 30, and 31 to 50 mm layers. The soil
and/or thatch from the same depth interval was combined
and frozen to -10°C until analysis.
The soil and thatch samples were divided into subsamples
to determine the dry weight of the sample and the amount
of diazinon remaining in the soil. Extraction of the diazinon
and metabolites from the soil and thatch was based on a
method of Eberle and Novak (4). The residue from the ex
traction procedure was taken up in 2 to 4 mL ofhigh pressure
liquid chromatography (HPLC) grade methanol. An 0.5 mL
aliquot was counted for total 14C radioactivity and the re
maining solution was filtered through a 0.2 ~m filter, placed
in a 1 mL serum vial, capped, and stored at -10°C until
analysis by HPLC. The soil residue remaining from the ex
traction was dried and a subsample was combusted in a
Packard oxidizer to determine the amount of unextractable
radioactivity.

Analysis of Volatilized Compounds
A solid adsorbent (Chromosorb 101, Alltech and Associ
ates) was used to trap the volatilized diazinon and metab
olites because of its high adsorbtivity for organic compounds
combined with a lack of retentive capacity for water. The
trapping method, adapted from Pellizzari et a1. (13), con
sisted of placing 5 g of Chromosorb 101 in an open-ended
7 mm diam glass tube. The tube was placed in the air scrub
bing line at the outlet port of the model ecosystem atmos
pheric chamber, The trapping material was changed at 1, 7,
and 21 days after application of diazinon. The diazinon was
recovered from the trapping material by elution with hexane,
The hexane was removed by flash evaporation and the res
idue was treated as described for the diazinon and metab
olites extracted from the soil.
Released 14C02 was trapped in two bubbling tubes con
taining 1 M NaOH connected in series each to the outlet
line of the atmospheric chamber. The traps were changed
every day during the first 6 days of the experiment and then
every other day until the experiment was concluded at 21
~ays. A 1 mL subsample of the trapping solution was placed
ln 15 mL ofAquasol and counted to determine radioactivity.
Leachate samples were collected prior to each irrigation,
the volume measured, and the samples were stored in pol
yethylene bottles at 1°C. A tube filled with Chromosorb 101
was placed in the vacuum line leading to each leachate trap
ping flask to remove any diazinon that might be volatilized
from the leachate by the action of the applied vacuum. The
Chromosorb 101 was handled as previously described.
The leachate was tested for gross radioactivity by placing
a 5 mL aliquot in 15 mL Aquasol and counting for 20 min
in a liquid scintillation counter. The remaining leachate was
extracted twice with dichloromethane to determine if dia
zinon or its metabolites were present. The dichloromethane
extracts were treated as described for the diazinon soil pro
cedures.

HPLC Analysis of Diazinon
The column used in the diazinon analysis had dimensions
of 250 X 4.6 mm and was packed with a 5 ,urn octadecyl
silane material. The chromatography system consisted of a
Beckman model 421 liquid chromatograph with a Hitachi
model 155-10 UV-VIS detector.
A gradient was used to separate diazinon from two of its
common metabolites, 2-(1'-hydroxy-l'-methyl)ethyl-4-methyl
6-hydroxypyrimidine (G-31144) and 2-isopropyl-4-methyl
6-hydroxypyrimidine (0-27550) (Ciba-Geigy Corp., Re
search Triangle Park, NC). The injection of a 100 ,uL sample
was made into a mobile phase of 25:75 (Ch 30H:H20). After
3 min, the mobile phase was increased to 85:15 (CH30H:H20)
over a 5 min period. The mobile phase was held at this
composition for 21 min. Diazinon eluted with a retention
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Table 1. Weekly summary for fate of radiolabeled diazinon applied to turfgrass stands and analysis of variance (ANOVA) for each
aspect of pesticide fate.
Percent of label applied
Treatment

Week

"CO,
losses

Leaching
losses

Volatilizationlosses

Soil unextractables

Metabolite
G-27750

Diazinon

0.2
0.6
1.0

1.1
1.6
1.6

7.8
19.0
35.4

1.0
1.0
0

84.4
39.8
7.1

Turf with thatch.
irrigated daily

1
2
3

5.5
38.0
54.9

Turf with thatch.
irrigated every 4 days

1
2
3

2.8
22.1
39.7

0.3
0.4
0.6

1.4
2.3
2.3

7.2
19.4
23.7

1.9
2.2
1.1

86.4
53.5
32.6

Turf without thatch,
irrigated daily

1
2
3

0.3
7.5
31.5

1.4
2.6
3.4

1.1
1.7
1.7

11.1
20.1
26.5

3.5
4.2
1.2

82.6
63.9
35.7

Turf without thatch,
irrigated every 4 days

1
2
3

0.3
4.4
22.2

0.5
0.9
1.2

1.3
2.0
2.0

16.2
16.3
23.4

6.1
7.3
4.0

75.6
69.1
47.2

NS
NS
NS
*
NS
23.1
3

NS
NS
NS
**
NS
21.6
3

NS
NS
NS
NS
NS
22.6
3

NS
NS
NS
**
**
8.1
3

ANOVA
Effect
Thatch
Irrigation frequency
Thatch by irrigation frequency
Sampling date
Sampling date by treatment
CV(%)
Number of sampling dates over 3-week period

*
NS
NS

**

**

32
14

*
*
NS
*
NS
62
5

*.**.NS = significant at P = 0.05. P = 0.01. and not significant. respectively.
t Analyzed as split-plot design with treatments (2 x 2 factorial, thatch and irrigation frequency) as main plots and sampling date as subplots.

time of20.7 min while 0-31144 and 0-27550 had retention
times of 5.1 and 8.4 min, respectively. The three compounds
were collected into scintillation vials into which 15 mL of
Aquasol were added for assay of radioactivity.
All data were subjected to an analysis of variance (AN
OVA) using a split-plot design with treatments (2 X 2 fac
torial, thatch, and irrigation frequency) as the main plot and
sampling date as the subplot. A separate ANOVA was run
for each avenue of pesticide loss (e.g., leaching losses, vol
atilization losses, pesticide metabolism in the form of re
leased 14C02, soil unextractable radioactivity and the amount
of metabolite 0-27550) as well as for the percent of parent
diazinon remaining in the turf. The treatment sum ofsquares
was partitioned to test the effect of thatch, irrigation fre
quency, and the thatch by irrigation frequency interaction.
Graphs were generated to demonstrate significant treatment
by sampling date interactions.

RESULTS AND DISCUSSION
A weekly summary of the fate of radiolabeled dia
zinon applied to turfs in the microecosystems and the
results of the ANOYA for each aspect of pesticide fate
and presented in Table 1. The ANOYA over the 3
week period for percent diazinon remaining in the turf
indicated a significant sampling date by treatment in
teraction. Figure 1 illustrates the differential rates of
diazinon loss due to the presence of thatch and vari
able irrigation frequency. By the 2nd and 3rd weeks,
more pesticide was lost from turfgrass swards con
taining a thatch layer than from those without a thatch
layer. By the 3rd week, loss was accelerated with in
creased irrigation frequency.
Degradation, volatilization, and leaching of the dia
zinon were measured. The main avenues of pesticide
loss were the degradation ofthe parent compound with
the release of 14C02 and the incorporation of the la
beled 14C into nonextractable soil compounds. There
were no significant treatment effects in regard to the
amount of 14C tied up in nonextractable compounds.
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Fig. 1. Percent diazinon remaining in turf over 3-week period. *, NS
= Significant at P = 0.05 and nonsignificant, respectively.

The diazinon used in this research was labeled in the
pyrimidine ring so that release of 14C02 indicates total
breakdown of the molecule while loss of insecticidal
activity will occur with any change in the structure of
the parent molecule. Because the sampling date by
treatment interaction for the amount of label released
in the form of CO 2 was significant, a graph (Fig. 2)
was constructed to illustrate the loss of CO2 from each
turf
Degradation of diazinon occurs by chemical hy
drolysis (8) and microbial decomposition (7). The rel
ative importance of each path has not been deter
mined. No definitive answers can be found from this
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Fig. 2. Loss of 14C01 from each microecosystem over 21-day sampling period and analysis of variance for each sampling day. *, **
= Significant at P = 0.05 and 0.01, respectively.

work since the location of the label is inside the pyrimidine ring and diazinon has already lost its insecticidal properties by the time the 14C02 is liberated.
The total amount of pesticide lost by leaching
through the 50 mm profile was very small but was
influenced by the presence of thatch and irrigation frequency. The majority (96%) of diazinon was found in
the 0 to 10 mm sampling depth regardless of whether
there was a thatch layer on the soil surface. The failure
of diazinon to move through thatch could affect the
control of soil-inhabiting insect pests since they may
reside below the thatch layer.
Volatilization accounted for a small amount of the
total diazinon lost from the site of application. In this
research, the initial irrigation was applied immediately
after pesticide application. Volatilization losses could
be larger under other circumstances. The amount of
compound G-27550 present in the 0 to 10 mm layer
was not affected by the presence of thatch or irrigation
frequency. The total amount ofthis compound present
would be a function of the rate of its degradation as
well as the rate and pathway of diazinon degradation.
Although the amount of metabolite found in the samples without thatch was higher than that found with
thatch, there was no significant difference due to the
presence of thatch.
The variable and sometimes poor control of soilborne insects when a thatch layer is present is probably
due to a combination of increased adsorption within
the thatch layer, as illustrated by the reduced amount

of leaching, along with an increased degradation rate.
It is difficult to ascertain which of these two phenom-

ena are more important, however, the information
presented in Fig. I may offer some insight. The amount
of diazinon remaining after 1 week in turf without
thatch was not significantly different from the amount
in turf with thatch. Subsequently, the rate of disappearance of diazinon in thatched turf exceeds that
found in turf without thatch and is accompanied by
a concomitant increase in 14C02 production (Fig. 2).
There was a significant effect of thatch on CO2 production during sampling Days 4 to 14 while the effect
of irrigation frequency was significant during Days 5
to 12. Thus, it appears that degradation is facilitated
with frequent irrigation in thatch layer to such an extent that there may not be enough diazinon present
for a long enough period oftime to achieve control of
the target pest.
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